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FOREWORD

AFOSR Grant 80-0136, "Transonic Wind Tunnel Measurements on a Supercritical
Wing" was initiated by the Structures and Dynamics Division (FIB) of the Air
Force Wright Aeronautical Laboratories (AFWAL). The objective of this effort
was to obtain experimental data on a supercritical wing to guide improvements
in transonic unsteady aerodynamics.

This effort was a part of a cooperative program involving Lockheed-Georgia,
Air Force, NASA, and NLR. This cooperative effort has become known as the LANN
program.

The principal investigators at NLR were J. J. Horsten, R. G. den Boer, and
R. J. Zwaan. The AFWAL project engineer was L. J. Huttsell and the work unit
was 24010236.

Part I of this report presents the general description, the aerodynamic

coefficients (printed and plotted vs incidence, reduced frequency, and Mach number)

and the vibration modes. Part II presents the plotted pressure distributions and
vibration modes. The pressure distributions in tabulated form can be obtained

from AFWAL/FIBRC upon request.
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LIST OF SYMBOLS

| Note: Coefficients derived from the zeroth harmonic component of unsteady

Cmi

Cmq

M

Mi
Mq
Cpi
Cpi
Cpm
Crq

Cz

Czi

Czq

pressure signals, are indicated simply as "steady" coefficients
instead of "mean" coefficients. For a pure sinusoidal signal, there

is principally no difference between steady and mean coefficients,

modulus of pressure tube transfer function,

a = mod(pu/pi) (see section 3.1 and figure 6 in part I)
aspect ratio, AR = 7.92

aerodynamic center

local chord, m

mean aerodynamic chord, = 0.266 m

€uc

root chord, m
tip chord, m

steady sectional pitching moment coefficient (see App. £

unsteady sectignal pitching moment coefficient,
Cmi = Cn + i Cm (see App. A)

quasi-steady sectional pitching moment coefficient
(see App. A)

steady wing pitching moment coefficient (see App. A)
unsteady wing pitching moment coefficient {see App. A)
quasi-steady wing pitching moment coefficient

(see App. A)

unsteady pressure coefficient, Cpi = Cﬁ + 1 CE
(see App. A)

value of Cpi measured with %n situ transducer,
. - = A -
Cp1T = piT/qmai CpT + 1 Cpy
steady pressure coefficient (see App. A)
quasi-steady pressure coefficient (see App. A)
steady sectional normal force coefficient (see App. A)

unsteady sectignal normal force coefficient,
Czi = C2 + i Cz (see App. A)

quasi-steady sectional normal force coefficient
(see App. A)

steady wing normal force coefficient (see App. A)

unsteady wing normal force coefficient, Cpy = Cy t 102
(see App. A) -

quasi-steady wing normal force coefficient (see App. A)




DZ

DZ

f, FREQ
harm, HARM

i

k, REDFR.

M, Mach, MACH

M

Mi

Mi .
wing

M-10C
My

ratio of acceleration pick-up signal and LVDT
displacement signal, DZ = DZ' + i D2"

amplitude of LVDT displacement, mm

frequency, Hz

harmonic component (harm = O: mean, harm = 1:
1st harmonic, harm = 2: 2nd harmonic)

e

reduced frequency, k = af cAC/V

free stream Mach number

steady sectional pitching moment about quarter-chord,
Nm/m (see App. A)

unsteady sectional pitching moment about guarter-chord,
Nm/m/rad (cee App. A)

unsteady wing pitching moment about aercdynamic center,
Nm/rad (see App. A)

local Mach number

quasi-steady sectiocnal pltching moment about quarter-
chord, Nm/m/rad (see App. A)

Jquasi-steady wing pitching moment about aercdyramilc
center, Nm/rad (see App. A)

steady wing pitching moment abcut avrodynamic center,
Lm (see App. A)

number of acceleration pick-ups, Nm = 12

number of pressure tubes at each secticn, Ep = 4«0

number of sections, NS =6

numtier of transducers, NT = 1.

pressure at model surface, p = P * i Fa

stagnation pressure, Pa

nth harmonic component of unsteady pressure at model
surface, p; = Ipilexp[i(wt)],Pa {see Fig. € in part 1)

value of P; measured with in-situ transducer

mean pressure, Pa

amplitude of quasi-steady pressure oscillation,
Py = [p,(a +ba) - pm(am—Aa)]/a, Pa

nth harmonic component of unsteady pressure at the end
of a pressure tube, p = Ipulexp[i(wt+w)], Pa (see Fig. ©
in part 1)

free-stream dynamic pressure, Pa
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-SETTL.

< 3 o W on

WRP

quing

wing

a, alpha, ALFA

Q.
1

[}
m

Aa ,Dalpha,DALFA

¥

Reynolds number, Re = VcAc/v

semi-span, s = 1,000 m

wing surface, S = 0.2526 m?

airfoil thickness, m

time, s

model temperatu.e, deg cent.

stagnation temperature, deg cent.

frec-stream velocity, m/s )
Wing Reference Plane (see Fig. 1) (X-y plane)

x = X-xleading

x-coordinate of boundary layer transition strip

coordinate in free-stream direction, m (see Fig. 1)

X-coordinate of rotation axis, m (see Fig. 1)

spanwise coordinate, m (see Fig. 1)

coordinate normal to the X-y plane, m

steady sectional normal force, N/m (see App. A)
unsteady sectional normal force, N/m/rad (see App. A}

unsteady wing normal force, N/rad (see App. A4)

quasi-stecady sectional normal force, N/m‘rad (see App. A

quasi-steady wing normal force, N,rad (see App. A}
steady wing normal force, N (see App. A)
wing incidence at LVDT position, a = a *a., avg

unsteady wing incldence at LVDT position,

a, = Iailcxp(imt) = Aa expl(iwt), deg
steady wing incidence at LVDT positicon, deg

amplitude of unsteady wing incidence at LVDT position
Aa = luil, deg

—

phase of tube transfer function, ¢ = arg (pufpi

relative spanwise coordinate, n = y/s

sweep angle of quarter chord line, deg
kinematic viscosity (m®/s)

angular velocity, w = Orf, rad/s

local wing incidence, deg (sec Fig. 1)

wing twist, O = et-er, deg (sec Fig. 1)
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upper z < O (see Fig. 1)

lower z > 0 (see Fig. 1)

free-stream




TABLE 1

Steady test program for LANN

model (run numbers)

§ 0.62 0.72 |0.77] o0.82 0.8710.95
a
0.4 16 21| uwe| 61 88| of
0.35 17 68
0.60%) || 15/19 28 L7 69 89 98
0.85 18 70
1.60 20 29 L8 T1 9C 99
2.00 183 218
2.35 235 238 | 2o 132 155
2.50 219
2.60%) 234 109 | 121| 222/133 154
2.75 220 22 | 2ks
2.85 236 237 | 241 13k 156
2.90 231 230
3.00%) 184 221 1681 2u6
3.25 223 2Lh | 2L7
3.50 22k
3.60 104/232 | 110 | 122 135 157
L.00 225 169 | 2u8
L.50 226
L.75 201 205
5.00%) 185 193 | 202 206 228
5.25 203 207
5.50 227
6.00 186 194 | 20k 208 229

*) Steady incidences for which unsteady measurements

were performed as well




TABLE 2
Unsteady test program for LANN model (run numbers)

———— - _
f 12 2L kN L8 60 72
ba 1.0 0.29 [0.25{0c.25|0.25 | .02% !
a M '
0.6 { 0.62 36| 129722 =23 2k 25 26 ‘
0,72 30 21 25 2% 4
0.77 {117 18 | 119 | 120 3 €€ i
0.82 | 83 TITT o 8y | e | 8T ]
; .
0.87 |, 9 9z | 93 gl 9 90
0.94 || 10C 101 | 1cz | e !
. 9
2.6 | 0.6 ! 10¢ 106 | 167 | 106 :
! -4
C.7¢ }111 112 113 11k 11 11 o
CurT 123 1265 129 e 126 j
|
0.82 |'159 143 ] 150 11 152 153
j
|
3.0 ) 0.72 165
0.71 166
0.82 167
0.07 170 171 170 173
0.95 {250 175 1 179 160 181 182
5.0 0.62 |[187 188 | 189 190 191 192 .
0.72 {199 196 { 197 108 199 | 2CO
0.82 fj211 212 | 2w {21y |21 | e




Test program for amplitude variation and higher harmonics

TABLE 3

for LANN model (run numbers)

Aa
M a f 0.125 0.25 0.5 1.0
. harm
0.62 { 0.6 1 12 1 3k 21 35| 36
24 1 3T | 22/39/129 | L2
24 2 Lo/130 L3
2k 3 L1/131 ] Lk
36 1 L3 23
0.82 0.6 |12 ] 72| 82| 83
2k 1 78 731 79
24 2 T4 | 80
2k 3 75 81
36 1 76 7
0.82 2.6 |12 1 136 137 | 138 | 139
24 1 140 w3 | 146
2L 2 141 L4 | L7
24 3 142 145 | 148
36 ] 149 150
0.95 [ 2.6 | 12 1 161 ] 162 | 163
0.95 | 3.0 |2k ] 175 | 178
24 2 176
24 3 177
0.82 5.0 12 1 209 | 210 | 211
24 1 212 | 213
3
ik, il

i e

[
Loy




TABLE 4

Miscellaneous runs for LANN-model

ri&ﬁber a M by Aa harm !
38 0.6 ) 0.62] 24.0 0.50 1
8l 0.6 | 0.821 18.0 0.50 1

127 2.6 | 0.77] 50.0 0.25 1 :

6Ll 3.0 | 0.95] 12.0 0.50 1 y

174 3.0 | 0.95 12.0 0.50 1 ;ﬁ

158 0.6 | 0.95| 30.1 0.05% 1 !

159 0.6 | 0.95] 30.1 0.0% < fj

160 || 0.6 |0.95|30.1 | 0.05 ; .
253 L.o [ 0.00{ 12.0 0.2% 1
254 | h.o 0.00| 2Lk.0 0.0 1
255 | 4.0 [o0.00( 36.0 | o.:c ]
256} L.0 | 0.00] 48.0 0.2¢ 1
257 | v.0 | 0.00] 60.0 0.2% 1
258 L.0 | 0.00] 72.0 GLon 1

|

|

i

|

|

4
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APPENDIX A

Definitions and sign conventions

2, 2i, 29

3
M, Mi, Mg =
P— b
—_— X L'
H1
0.25 ¢ P+ |
. .
- < - g

Note: Coefficients derived from the zeroth harmonic component of
unsteady pressure signals, are indicated simply as "steady"
coefficients instead of "mean" coefficients. For a pure sinusoidal

signal, there is principally no difference between steady and mean

coefficients.

Steady '
Steady pressure coefficient: !

Cpm =

Steady sectional normal force:

o)
8

i——

1
Z=Czgqc ;C=- | (Cpm+-Cpm_)d(§)
o

Steady sectional pitching moment about quarter-chord
1

M=Cmgquc? ;Cmn=- | (Cpm+-Cpm_)(§ -0.25)d(§)
o

-
€ o -y g U
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Steady wing normal force:
1

8
- = . =-21 - x
Cying CpeqyeS 5 Cy 5 ojoj (Cpm, - Cpm_)d(J).c.dy

Steady wing pitching moment about aerodynamic centre:

1 s 1 XXpo oy
= : = - - =)ec2
Mwing Cy9eCpc*S 3 Oy S J'g' (Cpm, - Cpm_)( . )d(c)c .dy
Unsteady
Unsteady pressure coefficient:
Pj
Cpi =C' + i.C" =
P P q,-0;
Unsteady sectional normal force:
71 = 2n.qw.§uCzi.Aa.elwt
1 ! X
. 1] . H=__ o N X
Czi = Cz + i.Cz - J' (Cpi, - cpi_)a(3)
Unsteady sectional pitching moment about quarter-chorad:
Mi = 2n.q .(9)°.cmi.ta.el®t
i *q,-(5) .Cmi.ba.e 5
1
o . n=__2_ s . _)3_ _)_(_
Cmi = Ch + i.Cn - g' (Cpi, Cpl_)(c 0.25)d(c)
Unsteady wing normal force:
. - S iwt |
leing = 2n.qw.2.Czi.Au.e H
8 x
. coam o C x
Cpq = Cy *+ 1.0y 5 g'g (Cpi, - Cpi_)a(3).c.dy

Unsteady wing pitching moment about aerodynamic centre:

c

. - AC, S iwt |
Miing = 2n.q,.(~57).5.Cy; -ba.e H
s 1 x-x
. 2 . AC\ . X
= 1 " o= o - . — .-...?.
Cyi = Oy * 1-Cy W J'J' (Cpi, Cpl_)( = )d(c) c?.dy
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Quasi-steady

Quasi-steady pressure coefficient:

Pq_

Cpq = a_Aa

’
Quasi-steady sectional normal force:

c t
Zq = 2n.qm.§-Czq.Aa 5 }ﬁ

’ |
L ,  Cz(o_+Aa) - Cz(a_-a) »
Czq = Tt 2ha {

Quasi-steady sectional pitching moment about quarter-chord:
c 2
Mq = 2n.qm.(§) .Cmqg.Aa
Cm(am+Au) - Cm(am-Aa)

248a

Cmq =

E NV

Quasi-steady wing normal force:

Rt Satenali o ot 0

= s ) L
quing = 2n.qm.2.CZq.Aa H K ‘1

Cz(am+Aa) - CZ(am-Aa)
2ha

=1
Cpq =7 °

Quasi-steady wing pitching moment about aerodynamic centre:

Cc
- _ACy 8 ,
Maying = 2T G (5 5 Fyg o0 3

. . 2 CM(am+Au) - CM(am-Al)
Mg n° 20a
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